, Nir2 was mainly found in the mem-B (RdgB), contains an N-terminal phosphatidylinositolbrane fraction but was also weakly detected in the cytotransfer protein (PI-TP)-like domain [1]. Previous studsolic fraction. In contrast, the integral membrane proies have suggested that RdgB plays an important role teins epidermal growth factor receptor (EGFR) and in the fly phototransduction cascade and that its PICalnexin, which are localized in the plasma membrane transfer domain is critical for this function [2][3][4]. In this and the ER, respectively, were exclusively found in the domain, a specific mutation, T59E, induces a dominant membrane fraction. 
). These results 2A), among others. These structures failed to colocalize suggest that Nir2 is mainly associated with the Golgi, with early, late, and recycling endosomes or with lysobut a small fraction of Nir2 is also found in the ER. somes or secreted vesicles. Furthermore, they were reResults of these immunolocalization studies were fursistant to cytochalasin D, nocodazole, and BFA treatther confirmed by a cell-fractionation study on a continuments and were immobile (our unpublished data). ous sucrose density gradient. The Western analysis
The unique morphological characteristics of Nir2T59E-shown in Figure 1E clearly demonstrates that Nir2 is containing vesicles were reminiscent of those obtained enriched in the GOS-28-positive Golgi fractions. Neverby overexpression of a Caveolin dominant negative mutheless, it was also weakly detected in the heavier memtant, cav-3 DGV , which was shown to be targeted to lipid brane fractions, including the Calnexin-positive ER fracdroplets [16] . To test whether the Nir2T59E-positive tions. These results are consistent with a previous report spherical structures were lipid droplets, we double demonstrating the localization of PITPnm in the Golgi stained cells expressing HA-tagged Nir2T59E with antiapparatus and in the ER [10].
HA antibodies and Nile red, a probe for neutral lipids that is known to label the lipid droplet core [17] . As shown in Figure 2B , the Nir2T59E mutant was localized In addition, we further characterized the structural retargeting to lipid droplets. In contrast, the PI-transfer domain of either wild-type Nir2 or the T59A mutant exquirements for Nir2 targeting to lipid droplets by constructing truncated Nir2 mutants that contained only the hibited cytoplasmic localization. Similar to the fulllength Nir2T59E mutant, the truncated PI-transfer do-PI-transfer domain (aa 1-257) of wild-type Nir2, Nir2T59E, or Nir2T59A fused to GFP. As seen in Figure 3 , the main of Nir2T59E had no obvious effect on the size, number, or content of the lipid droplets (our unpublished Nir2T59E truncated mutant localized to lipid droplets, indicating that its PI-transfer domain is sufficient for data).
Wild-Type Nir2 Is Targeted to Lipid Droplets in Response to Oleic-Acid Treatment
The specific targeting of Nir2T59E to lipid droplets led us to assume that wild-type Nir2 might also be targeted to lipid droplets under specific conditions. It was previously shown that oleic acid, a substrate for triacylglycerol synthesis, induces lipid droplet accumulation [18] . We therefore assessed the localization of both wildtype Nir2 and the T59A mutant in response to oleic acid treatment. Nile-red staining of oleic acid-treated HeLa cells showed accumulation of lipid droplets, consistent with previous reports [19] . Under these conditions, wildtype Nir2 and the Nir2T59E mutant, but not the Nir2T59A mutant, were detected surrounding the lipid droplets ( Figure 4A ). These results suggest that under certain conditions, wild-type Nir2 is targeted to lipid droplets.
Oleic Acid Induces Targeting of Endogenous Nir2 to Lipid Droplets and Enhances Its Threonine Phosphorylation
Next, we examined whether oleic-acid treatment causes targeting of endogenous Nir2 to lipid droplets. HeLa by thin-layer chromatography (TLC), respectively. As shown in Figure 4B , in HeLa cells grown in standard low possibility that the T59E mutation mimics a phosphorylated form and that this phosphorylation provides a tarlipid-containing media, Nir2 was detected in the ER and Golgi fractions. However, upon oleic-acid treatment, geting mechanism to lipid droplets. We therefore examined whether oleic acid could induce phosphorylation Nir2 was enriched in the lipid droplet fraction. This fraction appears at the top of the gradient because it conof endogenous Nir2 and thereby target it to lipid droplets. We grew HeLa cells in the absence or presence of tains a high lipid/protein ratio, and it was primarily enriched with triacylglycerols, as shown in the TLC results oleic acid and assessed Nir2 phosphorylation via Western blotting by using antibodies against phosphotyro-( Figure 4B ). Neither cholesterol nor cholesterol ester significantly accumulated in HeLa cells under these sine, phosphoserine, or phosphothreonine. As shown in Figure 4C , oleic-acid treatment had no effect on the growth conditions, consistent with previous reports [19] . Thus, oleic acid treatment causes partial targeting of level of Nir2 expression, but it induced threonine phosphorylation of Nir2 protein. Similarly, ectopicaly exendogenous Nir2 to the lipid droplets.
Because lipid droplets are derived from the ER, where pressed Nir2 was also phosphorylated on threonine residues upon oleic-acid treatment, in contrast to its mutant triacylglycerides (TG) and cholesteryl ester (CE) are synthesized [20] , and because endogenous Nir2 is also loNir2T59A ( Figure 4D ). No detectable tyrosine phosphorylation or enhanced serine phosphorylation of Nir2 were calized in the ER (Figure 1D ), it could be that the targeting of Nir2 to these structures affects lipid transport from observed after oleic-acid treatment ( Figure 4C ). These results, in conjunction with the specific targeting of the the ER. Although we did not detect an effect of Nir2T59E overexpression on CE or TG levels in transiently trans-T59E mutant to lipid droplets, suggest that phosphorylation of Nir2 at threonine 59 provides a mechanism for fected cells (our unpublished data), we cannot exclude the possibility that its targeting to lipid droplets might targeting to lipid droplets. affect the distribution of a specific intracellular lipid(s).
The brane domains is inconsistent with the localization of the Nir2T59E mutant on lipid droplets. In addition, the
